NEURYSMS of the internal carotid artery
usually arise near the origin of the posterior communicating branch or at the bifurcation into the anterior and middle cerebral arteries. Less frequently, an aneurysm may arise from the internal carotid between the origin of the ophthalmic artery and the carotid bifurcation. These rare aneurysms are called "carotid-ophthalmic aneurysms." They present a particularly interesting clinical and radiological diagnostic problem and some unusual anatomical features which make treatment by standard method of craniotomy and clipping especially difficult and dangerous. This study is an evaluation of 19 cases of carotid-ophthalmic aneurysm seen at the Salford Royal Hospital.
Analysis of Cases

Incidence
The incidence of carotid-ophthalmic aneurysm is distinctly low. Pool and Potts 4 reported two cases in a series of 157 aneurysms, and the Cooperative Aneurysm Study 3 reported 143 in 2672 aneurysms. In a recent paper on the clinical, radiological, and operative results in 14 cases of carotid-ophthalmic aneurysm, Drake, et al./ reported that most of their patients were women, and multiple aneurysms occurred in 64% of their cases (9 of 14). Most of our patients were also women (Table 1 ) , but we noted a lower incidence of multiple aneurysms, in 21% of the cases (4 of 19).
Diagnostic Features
The clinical manifestations were those of a subarachnoid hemorrhage in 15 of our cases, 13 of which were Grade I and two Grade II. When the carotid-ophthalmic aneurysm was one of many aneurysms in the same patient it was seldom the cause of the patient's symptoms. Table 1 also indicates that untreated carotid-ophthalmic aneurysms do not have a strong tendency to bleed. Four patients had symptoms of intermittent optic nerve or chiasmal compression; three had blurring of vision or blindness; one complained of flickering flashes of light in front of one eye. Scotomata, quadrantic, or hemianopic field defects were observed in two patients who were referred directly to the Neurosurgical Department from the Ophthalmic Service because their visual field defects were thought to be arising from suprasellar neoplasms.
The importance of oblique angiographic
Carotid-ophthalmic aneurysms Field Defect projections to secure proper definition of the site, size, and direction of aneurysms in this area of the carotid artery was emphasized when we reviewed the radiographs. Retrospective study showed that we had mistaken carotid-ophthalmic aneurysms for aneurysms of the anterior communicating, proximal anterior cerebral, posterior communicating arteries, and the carotid bifurcation. Undue reliance placed upon anteroposterior and lateral projections was the usual source of the error.
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Surgical A natomy Carotid-ophthalmic aneurysms take origin from the anteromedial wall of the internal carotid artery between the origin of the ophthalmic artery and the point of bifurcation of the internal carotid (Figs. 1 and 2 
Fic. 2. Outline of the angiograms showing the site, size, shape, and direction of the carotid-ophthalmic aneurysms.
asma and optic nerve, and suggested that carotid-ophthalmic aneurysms might be a vestigial type derived from a prechiasmal vessel that had failed to connect up with its fellow of the opposite side to take part in the prechiasmal anastomosis.
Retrospective study of our angiograms (Figs. 3-5) indicates that the dome or fundus points in one of three directions: 1 ) horizontally and medially at right angles to the parent carotid (Fig. 3) ; 2) upward and medially toward the region of the anterior cerebral and anterior communicating complex (Fig. 4) ; or 3) forward from the anterior wall of the parent carotid passing over the anterior clinoid process into the anterior fossa (Fig. 5) .
In Type 1, when the carotid-ophthalmic aneurysm points horizontally and medially, the carotid angiogram may be misinterpreted as showing a posterior communicating aneurysm. This type rarely bleeds but does adhere to the undersurface of the optic nerve and optic chiasm and produces visual field disturbance and loss of visual acuity. This fact may cause technical difficulty in dissecting the sac away from the optic nerve to define its neck for clipping.
In Type 2, when the carotid-ophthalmic aneurysm points upward and medially, the angiogram may be misinterpreted as showing an aneurysm of the anterior cerebral artery, anterior communicating complex, or the carotid bifurcation. Subarachnoid bleeding is 
C a r o t i d -o p h t h a l m i c
a n e u r y s m s common with this type of aneurysm.
In Type 3, when the carotid-ophthalmic aneurysm is directed forward from the anterior wall of the parent internal carotid artery, subarachnoid hemorrhage is also a common presenting symptom. The bulk of the aneurysmal sac lies lateral to the optic nerve. Although it can grow very long and erode the anterior clinoid process, it seldom gives rise to symptoms of optic nerve compression. Surgical access to this type of carotid-ophthalmic aneurysm is less difficult than with the other two. (Types 1 and 2) described above.
Management
Surgical intervention is not always absolutely necessary in patients with carotid-ophthalmic aneurysm; four of our 19 patients did not have any operative treatment and they have survived for long periods (Table  1) . In one patient, Case 16, an anterior communicating aneurysm was the source of subarachnoid bleeding and was clipped; there was also a carotid-ophthalmic aneurysm but this was not treated and she has remained free of symptoms for the past 10 years. One patient, Case 17, survived 3 years, although suffering from multiple aneurysms, including a carotid-ophthalmic aneurysm and arterial hypertension. She ulti- findings at operation for other bleeding aneurysms; all three of these patients died soon after operation. We suggest that asymptomatic ophthalmic aneurysms are best left alone, even though they be exposed at a craniotomy performed for another bleeding aneurysm.
Surgical treatment was undertaken in 15 of 19 cases, with craniotomy in 10 and common carotid ligation in the other five. In two of our patients, attempts to clip carotid-ophthalmic aneurysms ended in disaster, and a detailed account of the technical difficulties encountered is worth recording, since our experience was so like those recorded in graphic detail by Drake. 2 This 42-year-old woman (Case 8) had vision reduced to perception of hand movements only in the right eye; acuity was normal in the left eye and there were no visual field defects. The dome of the aneurysm at operation was found buried beneath the right optic nerve. During dissection, the aneurysm sheared off the carotid. As an act of desperation the right optic nerve was divided for better access. Ultimately, a clip was put into position, but the patient had severe left hemiplegia after operation and died 36 hours later from massive cerebral infarction.
In Case 10, a woman of 34 years, vision was reduced to J.10 in the left eye. The right eye was normal and there were no visual field defects. A left carotid-ophthalmic aneurysm was present but an infundibular dilatation at the origin of the right posterior communicating artery contraindicated carotid ligation. At operation, the aneurysm sheared off the carotid; the internal carotid artery was temporarily occluded intracranially and in the neck. A clip was applied to the aneurysm after considerable difficulty but after operation there was a severe right hemiplegia, a blind right eye, and the patient died 19 days later from uremia.
There were two patients, Cases 4 and 5, who survived craniotomy and clipping but with severe postoperative defects. Both had large carotid ophthalmic aneurysms and presented symptoms of optic nerve compression without subarachnoid hemorrhage. At operation severe bleeding occurred; it was difficult to locate and clip the neck of the aneurysm, which lay tucked beneath the optic nerve and chiasm. Postoperatively there was severe hemiplegia, which still persists 3 years and 6 years later respectively.
Case 6, a 25-year-old man, had symptoms of flickering flashes of light in front of the left eye, without field defects. There was no subarachnoid hemorrhage. The dome of the aneurysm was found on the lateral aspect of the optic nerve. The neck of the aneurysm could easily be defined and was clipped. He is well and free of symptoms 5 years after operation.
When common carotid ligation has been used (five patients), there has been no morbidity or mortality. Carotid ligation not only diminishes the chances of recurrent hemorrhage from the carotid-ophthalmic aneurysm but also relieves symptoms of optic nerve or optic chiasmal compression. Following this procedure, vision was restored in Case 13 from J.20 to J.6 and a lower nasal quadrantic field defect resolved; in Case 15 vision was restored from J. 18 to J.4. We wonder if those patients who did badly with craniotomy might have fared better if common carotid ligation had been used instead of craniotomy.
